A comparative study of the spectrl sensitivity of anthocyanin production in darklgrown and light-pretreated systems was caried out in Branica oeracca L., Lycopersicon esclkatum Mi., Secakl cereal L. and Spirodelapolyrrhiza L. Light pretreatments bring about an enhancement of the inductive, red-far red reversible respone in all systems, a decrease of the continuous irradiation response in cabbage, rye, and tomato seedlings, and an ement of the continuous irradiation response in cabbage leaf disks. Light pretreatments also bring about a marked change in the spectrl sensitivty of the continous dition response. The different effect of lght pre tments on the photosenitivity of the respons to short and long wavelength diatios suggests that two photoreceptors, phytochrome and cryptochrome, may be involved in the photoregulation of anthocyanin production.
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The light-dependent production of anthocyanin is a typical HIR2 response of plant photomorphogenesis, requiring prolonged exposures to high fluence rates of visible and near-visible radiation (17) (18) (19) , and has been used quite extensively in studies of the properties of the HIR.
The spectal sensitivity of the HIR varies with species and three response groups have been identified (17) . In group I, peaks of action are found in the UV-BL, R, and FR regions (1, 9, 31) . In group II, the main peak of action is in the R, but the UV-BL region is also effective, whereas action in the FR is either absent or minimal (32) . In group III, there is action only in the UV-BL region (4) . In any given response-system combination, the spectral sensitivity of the HIR can be markedly affected by the experimental conditions (1, 3, 8-10, 16-19, 21) . It has been suggested that differences in the nature and/or operational state ofthe photomorphogenic pigments and in the physiological state of the biological systems may be responsible for the variability in the photosensitivity of the HIR (1, 7, 9, 14, 19, 21, 22, 30) , but the exact role played by these factors is still a matter of conjecture. Phytochrome is involved in the photoregulation of the HIR under R and FR (17) (18) (19) 26) . Action in the UV-BL region has also been ascribed to phytochrome (1, 17, 19) , but the involvement of a photoreceptor specific for the UV-BL region ' Supported by National Science Foundation grants and PCM-80-08747. (i.e. cryptochrome) has been suggested (4, 6, 9, 17, 18, 23) .
Most studies on the properties of the HIR have been carried out using young, dark-grown seedlings (17, 19) ; some data are available for light-gown systems (1, 3, 7, 9, 10, 16, 22, 30) . Studies of photomorphogenesis in light-grown systems are complicated by the effects of Chl screening on the state of the photomorphogenic pigments (15) . To reduce these effects, researchers have used light-grown seedlings treated with inhibitors (e.g. NF or STM) that considerably decrease the level of Chl (1, 2, 10, 13, 20) .
The effect of light pretreatments on the spectral sensitivity of the HIR has been studied in detail only for the light-dependent inhibition of hypocotyl elongation in mustard seedlings (1, 9) , where light pretreatments cause a considerable decrease of the response to continuous UV, BL, and FR, while having no effect on the response to continuous R. At present, it is not known if the observations in mustard can be considered a general characteristic of HIR responses, or if they are limited to this particular response-system combination. A comparison of data from different response-system combinations is necessary to clarify this point, and we studied the effects of light pretreatments on the spectral sensitivity of anthocyanin production in various species.
MATERIALS AND METHODS Seedlings of cabbage (Brassica oleracea L., Burpee Red Acre), rye (Secale cereale L., Cougar), and tomato (Lycopersicon esculentum Mill., Burpee Beefsteak) were grown in Petri dishes, on filter paper moistened with the solutions indicated in the Tables  and Figures. Cultures of Spirodela polyrrhiza were grown in Fernbach flasks, containing 900 ml of HM, with sucrose added to a final concentration of 1% (w/v); after 2 weeks growth in darkness, the material was harvested, washed with sterile water, resuspended in sterile medium, and distributed in Petri dishes containing 20 ml of incubation medium. Cabbage leaf disks, 12 mm in diameter, were cut from 10 to 12 cm long leaves of greenhouse-grown plants and distributed in Petri dishes, 10 disks per dish, on filter paper moistened with incubation medium, Operations were carried out under green safelights.
Pigments were extracted with acidified (1% HCI, w/v) methanol, as described previously (20 (20, 21 For Spirodela, absorbance values are expressed on a g fresh weight basis.
Exposures to light were given in growth chambers equipped with UV-A, BL, R, FR, and WL light sources described in Table Table 1 
RESULTS
The extent of the inductive, R-FR reversible response is small, compared to the response brought about by continuous irradiation (Table II) . The extent of the R-FR reversible response is larger in light-pretreated than in dark-pretreated systems. The R-FR reversibility of the response indicates involvement of phytochrome in the photoregulation of anthocyanin production under inductive (short irradiations) conditions.
Anthocyanin production in dark-grown cabbage seedlings exposed to continuous irradiation is an HIR response with a group I spectral sensitivity (Table III) . The extent of the response is affected by age. Anthocyanin continues to accumulate during a 24-h-d period following exposure to light. The values of the UVA/FR and BL/FR effectiveness ratios increase with age, as observed for the action of light on hypocotyl elongation (3, 8) . The addition of NF and STM results in a decrease of the Chl level aid has a considerable effect on the spectral sensitivity of anthocyanin production in both dark-grown and WL-pretreated seedlings (Figs. 1, 2 ). Exposure to WL pretreatments causes a considerable decrease in anthocyanin production during the subsequent continuous light treatments (Table II; Figs. 1, 2) , with the exception of the older seedlings incubated in NF (Fig.  2B) , in which only the response to FR is decreased. Differences in the spectral sensitivity of anthocyanin production between dark-grown and WL-pretreated seedlings are smaller in watergrown than in NF-and STM-treated seedlings, and, in general, smaller in the younger (Fig. 1 ) than in the older (Fig. 2) seedlings. An attempt was made to determine if pretreatments with different spectral regions would show a specific effect on anthocyanin production under the subsequent light treatments. Continuous UV-A, BL, R, and FR pretreatments are about equally effective in decreasing the sensitivity of the response to BL, while continuous R is slightly more effective than the other spectral regions in decreasing the response to FR (Fig. 3) . The 2 x 5R and 4 x 15R preeatments are more effective in decreasing the sensitivity of the response to FR than to BL.
The spectral sensitivity of anthocyanin production in rye and tomato seedlings, with maximum action in the UV-BL and some action in the R-FR (Figs. 4, 5) , seems to be an intermediate between groups I and III HIR. In rye, UV-A is the most effective region with the exception ofthe dark-grown, NF-treated seedlings where maximum action is shifted to the BL (Fig. 4) . In tomato, the most effective region is the BL (Fig. 5) . In both rye and tomato, anthocyanin production under continuous UV-A, BL, and R was lower, in general, in the WL-pretreated than in the dark-gown seedlings. An 8-h WL patment was used in rye because preliminary experiments showed an almost total loss of the response to irradiation in all spectral regions after a 24-h WL pretreatment. Differences in the spectral sensitivity of the response between dark-grown and light-pretreated seedlings are very evident in both species. Norflurazon, in rye, and STM, in tomato, enhanced anthocyanin production. Anthocyanin production in cabbage leaf disks and Spirodela requires photosynthetic activity, as shown by the inhibitory action of CMU (Table IV) ; addition of sucrose to the CMUcontaining medium restores anthocyanin production. Photosynthetic activity is required for anthocyanin production in apple skin sections (5), but not in young seedlings (18) (19) (20) . The spectal sensitivity of the response in cabba leaf disks and dark-grown Spirodela is that typical of group HIR, with maximum action in the R region (Figs. 6, 7) . Sucrose enhances an yanin production under UV-A, BL, and R and inceases the values of the UVA/R and BL/R in both species. However, sucrose enhances anthocyanin production under FR only in Spirodela (Figs. 6, 7) . In cabbage leafdisks, anthocyanin production under continuous UV-A, BL, R, and WL is higher in the WL-pretreted than in the dark-preteated disks (Fig. 6 ). The differences in the sptral snsitivity of the repnse between dark-preteated and WL-pretated cabbge leaf didsk and Spirodela are rather larg in both species. In Spirodela, NF causes a shift in the region of maxcimum action from R to UV-BL (Fig. 7) (1, 3, 9, 18, 19) . Therefore, it is doubtful that this model can be used to explain the differntial effect of light preteatments on the inductive and IIR responses. At present, the correlation between the effect of various factors (7, 11, 12, 14, 15, 19, 25, (27) (28) (29) (Fig. 6 ). Anthocyanin production in the cabbage leaf disks depends upon photosynthetic activity (Table IV) . Exposure to light pretreatments might result in a buildup of precursors for anthocyanin production, a suggestion supported by the observation that sucrose may substitute for the light pretreatments (Fig. 6) . The sectral sensitivity of anthocyanin production in cabbage leaf disks and Spirodela Anthocyanin production in dark-grown Spirodela, incubated in Hutner's medium without sucrose and exposed to light from 24 to 72 h after transfer, was 0.21 (UV-A), 0.51 (BL), 1.08 (R), and 0.00 (FR). tinuous irradiation (Figs. 1-7) , generally confirming observations in other response-system combinations (1, 3, 9, 16), but also showing large qualitative and quantitative differences in the extent of the changes. For example, the spectral sensitivities of anthocyanin production in dark-grown cabbage seedlings (Table  II; Figs. 1, 2) and inhibition of hypocotyl elongation in darkgrown mustard seedlings (1, 9) are very similar. The spectral sensitivity of the two responses in light-pretreated seedlings is quite different. In mustard, there is a strong, parallel reduction of the response to BL and FR and almost no effect on the response to R (1, 9) . In cabbage, the response to R can be reduced as much or more than the response to BL and FR (Figs. 1, 2 ).
Research is in progress to determine if these differences are response related or species specific.
One common feature of the effects of light pretreatments on the spectral sensitivity of anthocyanin production ( Fig. 1-7) is the difference in the extent of the changes in the photosensitivity of the response to long (R and FR) and short (UV and BL) wavelength irradiations. Possibly, as a consequence of the decrease of phytochrome in light-pretreated systems (Table V) , the optimal conditions (insofar as the operational state of phytochrome is concerned) for anthocyanin production may be shifted from one region to another. A second interpretation is based on the assumption that two photoreceptors might be involved in the photoregulation of anthocyanin production (phytochrome in the R-FR region; phytochrome and/or cryptochrome in the UV-BL region). The different effects on the sensitivity ofthe response to short and long wavelength irradiation might reflect different effects of the light pretreatments on the operational state of the two photoreceptors. In view of recent observations (6, 23) , the second interpretation may be more plausible than the first one, but further research is needed to clarify this point.
